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Abstract 

Background: Glioblastoma Multiforme (GBM) or grade IV astrocytoma is the 
most common and lethal adult malignant brain tumor. Several of the molecular 
alterations detected in gliomas may have diagnostic and/or prognostic 
implications. Proteomics has been widely applied in various areas of science, 
ranging from the deciphering of molecular pathogen nests of discuses. 
Methods: In this study proteins were extracted from the tumor and normal 
brain tissues and then the protein purity was evaluated by Bradford test and 
spectrophotometry. In this study, proteins were separated by 2-Dimensional Gel 
(2DG) electrophoresis method and the spots were then analyzed and compared 
using statistical data and specific software. Protein clustering analysis was 
performed on the list of proteins deemed significantly altered in glioblastoma 
tumors (Mest and one-way ANOVA; P< 0.05). 

Results: The 2D gel showed totally 876 spots. We reported, 172 spots were 
exhibited differently in expression level (fold > 2) for glioblastoma. On each 
analytical 2D gel, an average of 876 spots was observed. In this study, 188 
spots exhibited up regulation of expression level, whereas the remaining 232 
spots were decreased in glioblastoma tumor relative to normal tissue. Results 
demonstrate that functional clustering (up and down regulated) and Principal 
Component Analysis (PCA) has considerable merits in aiding the interpretation 
of proteomic data. 

Conclusion: 2D gel electrophoresis is the core of proteomics which permitted 
the separation of thousands of proteins. High resolution 2DE can resolve up to 
5,000 proteins simultaneously. Using cluster analysis, we can also form groups 
of related variables, similar to what is practiced in factor analysis. 
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Introduction 

Glioblastoma Multiforme (GBM) or grade IV 
astrocytoma is the most common and lethal adult 
malignant brain tumor [1-3]. Malignant gliomas are 
the most common human primary brain tumors, 
GBM being the most aggressive and lethal form [4, 
5], with a median survival of only 14 months even 
with the best available treatments. GBMs are 
characterized by their resistance to radiotherapy and 
chemotherapy, as well as their abundant and 
aberrant vasculature which is the most aggressive 
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and devastating grade [6-8]. This was a remarkable 
observation at that time, as late as 1979; the World 
Health Organization (WHO) did not consider the 
gliobastoma as an astrocytic tumor, listing it instead 
in a group of poorly different and embryonic tumors 
[9]. With the introduction of immunohistochemistry, 
the glioblastoma was firmly categorized as 
astrocytic neoplasm [10], but the separation of 
primary and secondary glioblastoma remained 
conceptual [11, 12]. Growing tumor reaches a point 
at which the existing blood supply can no longer 
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support the needs of the tumor leading to areas of 
hypoxia. In response to this hypoxia, GBMs undergo 
on antigenic switch, and increase secretion of 
various growth factors to promote new blood vessel 
formation [13-15]. In most cases diagnosis is only 
done after clinical symptoms become apparent and 
depends on histological investigations of tumor 
samples obtained by biopsy or resection [16-19]. 
Understanding the different biological 
characteristics of these heterogeneous cell 
subpopulations within a single tumor is invaluable 
because it may provide not only clues regarding 
tumor pathogenesis but also potential targets for 
treatment [20-23]. Knowledge about the molecular 
biology of cancer, including CNS tumors, continues 
to increase [24]. Several of the molecular alterations 
detected in glioblastoma have diagnostic and/or 
prognostic implications, as they are associated with 
histologically defined tumor type or malignancy 
grade. However, for most of the molecular changes 
this does not justify a designation as glioma 
biomarker [25, 26], In fact, proteomics has been 
widely applied in various areas of science, ranging 
from the deciphering of molecular pathogen nests of 
discuses, to the discovery of potential diagnostic and 
prognostic biomarkers, where the technology is able 
to identify and quantify proteins associated with a 
particular disease by means of their altered levels of 
expression and post translational modification 
between the control and disease states [26-32]. 

In the present study, we investigated a change 
in protein expression in human brain glioblastoma 
tumor to get an understanding of data and specific 
software molecular diagnosis of glioblastoma. Here, 




Figure 1. Red spots indicate Up Regulation and 
blue spots indicate Down Regulation in 
glioblastoma tumor relative to normal tissue. 
Two-dimensional polyacrylamide gel 
electrophoresis (2D-PAGE) of glioblastoma 
tumor; 2D-PAGE was performed to separate 
proteins by isoelectric focusing (IEF) (pH: 3-10) 
in the first dimension and SDS-PAGE (SDS: 
Sodium dodecyl sulfate) (MW 10-100 kDa) in the 
second dimension; the gel was stained with 
Coomassie Blue dye. 

proteins of tumoral and normal brain tissues were 
extracted and evaluated by proteomic tools (2DG). 
After providing cluster and PC A of spots, their 
alterations are monitored using statistical data and 
specific software. Using different proteomic 
approaches, multiple differentially expressed 
glioblastoma proteins were identified, a few of 
which could be investigated further as potential 
surrogate markers for glioblastoma tumors. 
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Figure 2. It shows chart up-regulation spots marked in figure 1. 
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Materials and Methods 

Patient samples 

Tissues were obtained, with informed consent 
and institutional review board approval, from 
patients undergoing tumor resection. For this study, 
all individuals filled a written informed consent form 
and glioblastoma tumors were surgically removed at 
Shohada Tajrish Hospital. The tumors were 
classified by a team of neurophathologists according 
to the guidelines of the WHO classification of 
tumors of the central nervous system. Non-tumoral 
brain tissues were obtained from normal areas 
(either grey or white matter) of brain tissues 
removed from patients undergoing non-tumor 
epileptic surgery. 
Tissue and samples preparation 

Tissue samples of both tumoral and normal 
brain tissues were snap-frozen immediately after 
operation in liquid nitrogen and stored at -80°C until 
used for proteomic analysis. To obtain tissue 
extracts, the samples were broken into suitable 
pieces and were homogenized in lysis buffer II 
consisting of lysis buffer I {7 M urea, 2 Mthiourea, 
4% 3-[(3-cholamidopropyl) dimethylammonio]-l- 
propanesulfonate (CHAPS), 0.2% lOOxBio-Lyte 
3/10}, dithiothreitol (DTT), and 1 mM ampholyte 
and protease inhibitor on ice. Cell lysis was 
completed by subsequent sonication (4x30 pulses). 
The samples were then centrifuged at 20,000 g at 
4°C for 30 minutes to remove insoluble debris. The 
supernatants were combined with 100% acetone and 
centrifuged at 15,000 g, and then the supernatants 
were decanted and removed (3 times). Acetone 
100% was added to the protein precipitant and kept 
at -20° overnight. The samples were then 
centrifuged again at 15,000 g and the precipitant was 
incubated 1 hour at room temperature. The protein 
samples were dissolved in rehydration buffer [8 M 
urea, 1% CHAPS, DTT, ampholyte pH (4) and 
protease inhibitor]. Protein concentrations were 
determined using the Bradford test and 
spectrophotometry method, and the protein extracts 
were then separated and used for 2D gel 
electrophoresis. 
2DG electrophoresis 

The isoelectric focusing for first-dimensional 
electrophoresis was performed using 18 cm, pH 3- 
10 Immobilized PH Gradient (IPG) strips. The 
samples were diluted in a solution containing 
rehydration buffer, IPG buffer, and DTT to reach a 
final protein amount of 500ug per strip. The strips 



were subsequently subjected to voltage gradient as 
described in the instructions of the manufacturer. 
Once focused, the IPG strips were equilibrated twice 
for 15 minutes in equilibration buffer I [50 m Mtris- 
Hcl (pH: 8.8), 6 M urea, 30% glycerol, 2% Sodium 
Dodecyl Sulfate (SDS), and DTT] and equilibration 
buffer II. The second-dimension SDS-PAGE was 
carried out using 12% PAGEs. Following SDS- 
PAGE, the gels were stained using the Coomassie 
Blue method overnight (Figure 1). 
Image analysis 

The gel images were analyzed by Prognosis 
Same Spots software to identify spots differentially 
expressed between tumor and control samples based 
on their volume and density. The spots were 
carefully matched individually and only spots that 
showed a definite difference were defined as altered. 
Data statistics analysis 

The Student's Mest was used to rank proteins 
found altered in glioblastoma tumor compared to 
normal tissue according to statistical probability. 
The Mest was chosen to create a hierarchy because it 
is easily understood by many different target 
audiences and is currently a common practice in the 
majority of proteomics analysis. Protein clustering 
analysis was performed on the list of proteins 
deemed significantly altered in glioblastoma tumors 
(p<0.05). 

Arithmetic cluster analysis was performed for 
two groups. Arithmetic cluster analysis employs 
correlation analysis to define if alterations in the 
levels of one individual protein are associated with 
alterations in the levels of a second protein across all 
samples (glioblastoma and normal tissues). 
Arithmetic correlation algorithms are integral to the 
Progensis Same Spots software (Nonlinear 
Dynamics v 3.0, 2008). Multiple areas on correlation 
coefficients between protein features were calculated 
by Progenesis Same Spots and the information 
visually represented in the form of a dendrogram. 

Results 

Two-dimensional gel was used to identify 
proteins expressed in glioblastoma tumor and non- 
tumor samples. The spots were separated according 
to their isoelectric pH and molecular weights. On 
each analytical 2D gel, an average of 876 spots 
corresponds to protein with nonlinear Progenesis 
Same Spots software. The representative set of 
overlaid 2D-DIGE (DIGE: Difference gel 
electrophoresis) images is given in Figure 1 . 
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Figure 3. Categorization of change in protein expression (up-regulation) showed in figure 1 of the 45% 
up regulated spots (red). 




Figure 4. Chart down-regulation spots marked in figure 1 . 



The first-dimension analysis was performed 
with a broad pH range (pH: 3-10) and IPG using 
strips of 1 8 cm. The total number of protein features 
was matched and analyzed between gels in the 
control group and tumor group; 420 spots (around 
48% of the entire detected spots) were matched 
across all the gels. In software analysis, a total of 
420 differentially expressed spots satisfied the 
statistical parameters (Mest and one-way ANOVA; 
p<0.05). 

Among them, 172 spots exhibited difference in 
expression level (fold >2). A total of 420 spots 
showed statistically significant differences (student's 
r-test; p<0.05) in gel, out of which 188 spots 
exhibited up regulation in expression level, whereas 



the remaining 232 spots were decreased in 
glioblastoma tumor relative to normal tissue. Up 
regulation is shown as red and down regulation as 
blue in imaging gel [Figures 1]. Of the 188 up 
regulated spots, 106 spots were between 1.1 and 2 
fold, 49 spots were between 2 and 4 fold, and 33 
spots exhibited over four fold increase in expression 
level (showed in Figure 2 and 3). Of the 232 down 
regulated spots, 142 spots were between 1.1 and 2 
fold, 67 spots were between 2 and 4, and 23 spots 
exhibited over four fold reduction in expression 
level (showed in Figure 4 and 5). 
Cluster analysis 

The total number of protein features matched 
and analyzed between tumor and normal tissues. 



90 



Iranian Journal of Cancer Prevention 



Cluster and Principal Component Analysis of . . . 



Down Regulation 



150 



100 




Fold< 1 



□ own Regulation 



Fold < 2 
Fold 2-4 
I Fold > 2 



Fold 14 



Fold > 2 





Fold< 2 


Fold 2-4 


Fold > 2 


|a Down Regulation 


142 


67 


23 




Figure 5. Categorization of change in protein expression (down-regulation) showed in figure 1 of the 
55% downregulated spots (blue). 

Two main groups reflected the 188 spot 
proteins that increased (red) and 232 spot proteins 
that decreased (blue) in expression level in 
glioblastoma relative to normal tissue. 

The total down-regulated protein spots showed 
two main subgroups (subgroups I and II); subgroup 
II involved two branches (blue in Figure 6), and the 
total up regulated spot proteins showed two main 
subgroups, (subgroup III and IV); subgroup IV 
involved two branches (red in Figure 6). 

PCA was performed on all the spot proteins and 
it showed two main groups (up and down regulated) 
(Figure 7). 

Discussion 

Proteomics combines technologies from several 
disciplines in an attempt to explain the structural, 
functional and interactive proteins in cells, tissues 
and body fluids. The ultimate goal is to identify the 
interactive pathways of proteins for diagnostic 
purposes or as candidates for intervention [33-36]. 
Proteomics analyses are important since normal, up- 
regulated, down-regulated and mutated genes may 
not be transcribed for a large number of epigenetic 
reasons [37-39]. The considerable post-translation 
modification of proteins that alter both structure and 
function are revealed with proteomics add genomics 
[40-42]. Proteomics studies rely heavily on a 
number of different techniques (sample processing, 
2D gel electrophoresis, MS, bioinformatics, and 
biostatistics) that enable the identification and 



Figure 6. : Arithmetic cluster analysis; protein 
dendrogram of 420 proteins differentially altered 
(P<0.05) in glioblastoma tumors from two groups 
(up and down regulated); this dendrogram clearly 
indicates the cluster of 188 spot proteins found up- 
regulated (right branches, in red) and 232 spot 
proteins found down-regulated (left branch, in 
blue) in glioblastoma tumor. 

Spots were analyzed by Nonlinear Prognosis Same 
Spots software. Arithmetic cluster analysis was 
performed on this list of 420 spot proteins. 
Arithmetic cluster analysis explores how one 
individual protein level correlates with a second 
individual protein level across different samples. 
Protein levels that are tightly correlated suggest that 
the proteins might be regulated or involved in the 
same biological pathway. A clear cluster analysis 
(dendrogram) with several distinct subgroups of 
proteins was generated (Figure 6). 
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Figure 7. PCA was performed on all the spot proteins; A: the PCA of 188 spot proteins was up- 
regulated, B: the PCA of 232 spot proteins were down-regulated in glioblastoma tumor. 



quantitation of thousands of proteins. Originally, at 
the core of proteomics was 2D gel electrophoresis 
which permitted the separation of thousands of 
proteins (spots) [42, 43]. 

High resolution 2DE can resolve up to 5,000 
proteins simultaneously (~ 2000 proteins routinely), 
and detect and quantify < 1 ng of protein per spot. 
Today's 2DE technology with IPGs has largely 
overcome the former limitations of carrier impolite 
based 2DE with respect to reproducibility, handling, 
resolution, and separation of very acidic or alkaline 
proteins [44, 45]. In our study, 91% of the proteins 
in the acid region, and 9% in the alkaline region, 
have been separated by two-dimensional 
electrophoresis. 

This technique have some advances: 
complements and extends genomic analysis, protein 
expression rather than predicted message translation, 
posttranslational modification can be detected, ideal 
for target discovery and biomarker identification and 
amenable to automation [46, 47]. Until now, a 
pattern of protein expression using 2D-PAGE 
separation has provided the best repertoire of 
the cell or body fluid. However, this technology is 
limited in being low-throughput, labor intensive, 
time consuming, membrane proteins difficult to 
solubilize, high and low molecular mass proteins not 
well represented, statistics, dimensionality and also 
is problematic in detecting proteins that are basic in 
charge or smaller than 10,000 Da [48, 49]. 

Biostatistics is essential to ensure the collection 
of robust and meaningful data that results withstand 
the most rigorous statistical analyses at the level of 



the resulting clinical/analytical matrix [50, 51]. This 
includes the determination of both false positive and 
false negative rates, which are critical for evaluating 
the success of the biomarker [52, 53]. Better 
biomarkers are urgently needed for cancer (for 
example: GBM) detection, diagnosis and prognosis 
[27]. Our global protein difference was identified 
between normal tissue and GBM tumor samples. 
This study evaluates the effect of the global 
methodology on the clustering result of the GBM 
tumor. The effect of the clustering algorithm was 
also important, but a significant interaction was 
observed between clustering algorithm and data set 
[54-56]. The term cluster analysis does not identify a 
particular statically method or model, as 
discriminant analysis, factor analysis, and regression 
do. Using cluster analysis, we can also form groups 
of related variables, similar to what is done in factor 
analysis. Interpretation has been restricted to 
assigning the proteins to a broad functional class (for 
example: brain tumor) with anecdotal discussion of 
how few of these proteins are pertinent to glioma. 
No systematic attempt has been made to determine if 
some or all of these proteins are altered as part of an 
interval response in glioma. Many proteins are 
implicated in numerous biological processes [57, 
58]. For example, alteration of Hsp70 expression 
was detected in astrocytomas which has an 
important role in tumor survival and development, 
response cell stress and induces apoptosis in cells 
[59]. 

As a consequence it is naive to simply perform 
basic literature searches on individual proteins in a 
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protein list and then draw conclusions as to how 
these proteins contribute to the biological nature of 
the disease of interest [60, 61]. In analysis with 
normal variable distribution, PCA might provide a 
better solution to the data reduction issue. This 
technique examines underlying latent structures in a 
data set of variables. This may be particularly 
appropriate for proteomic research as the proteins 
under investigation are not expressed indecently 
from each other [62]. Power is crucial for 
understanding the statistical relevance of results 
generated and awareness of power should help 
increase the integrity of proteomic data reported in 
the literature [63]. 

Clustering analysis of the expression of proteins 
can be divided into two main clusters indicating that 
there are clusters of proteins with similar expression 
that these proteins can provide similar performance 
in terms of testing or indicating its presence in the 
same biological pathways. PCA analysis confirmed 
that the clustering results showed that the protein has 
been classified according to the test conditions. 
Finally, the results indicated that by using the 
statistical analysis software it is possible to quickly 
and easily demonstrate that a significant expression 
changes has been induced in the brain cancer (GBM) 
and Stages of malignancy on proteome level. 

Acknowledgment 

This study was supported by Proteomics 
Research Center, Faculty of Paramedical Sciences, 
Shahid Beheshti University of Medical Sciences, 
Tehran-Iran and contributed by Department of 
Pathology, Shohada Hospital, Shahid 
Beheshti University of Medical Science, Tehran, 
Iran and Department of Neurosurgery, Shohada 
Hospital, Shahid Beheshti Medical University, 
Tehran, Iran. 

Authors' Contribution 

Mehdi Pooladi, Mostafa Rezaei-Tavirani, Mehrdad 
Hashemi, Saeed Hesami-Tackallou, and Solmaz 
Khaghani Razi Abad designed the study, colected 
and analyzed the data and wrote the paper. 
Masoumea Mousavi, Leila Firozi Dalvand and Mona 
Zamanian Azodi contributed to study design. 
Afshin Moradi, Ali Reza Zali, Azadeh Rakhshan and 
Mehdi Pooladi contributed to samples collection and 
indentation. 



References 

1. Lemee JM, Com E, Clavreul A, Avril T, 
Quillien V, de Tayrac M, Pineau C, Menei P.Proteomic 
analysis of glioblastomas: what is the best brain control 
sample?J Proteomics. 2013; 85:165-73. 

2. Gollapalli K, Ray S, Srivastava R, Renu 
D, Singh P, Dhali S, BajpaiDikshit J, Srikanth 
R, Moiyadi A, Srivastava S. Investigation of serum 
proteome alterations in human glioblastomamultiforme. 
Proteomics. 2012; 12(14):2378-90. 

3. Zheng PP, Kros JM, Sillevis-Smitt PA, Luider 
TM. Proteomics in primary brain tumors. Front 
Biosci. 2003;8:451-63. 

4. Collet B, Guitton N, Saikali S, Avril T, Pineau 

C, Hamlat A, Mosser J, Quillien V. Differential 
analysis of glioblastomamultiforme proteome by a 2D- 
DIGE approach. Proteome Sci. 2011; 9(1):16. 

5. He J, Liu Y, Lubman DM. 
Targeting glioblastoma stem cells: cell surface 
markers.Curr Med Chem. 2012; 19(35):6050-5. 

6. Matthew E, Zigzag D. Mechanisism of glioma 
associated neovascularization. The American Journal of 
Pathology. 2012; 4:1126-40. 

7. Chen S, Zhao H, Deng J, Liao P, Xu Z, Cheng 
Y. Comparative proteomics of glioma stem cells and 
differentiated tumor cells identifies S100A9 as a 
potential therapeutic target. J Cell Biochem. 2013; 
114(12):2795-808. 

8. Gajadhar A, DesouzaLv, Siu KWM, Guha A. 
Primary malignant brain tumors-current and potential 
impact of proteomics-based analysis. Drug Discovery. 
2010; 7:73. 

9. Ohgaki H, Kleihues P. Genetic pathways to 
primary and secondary Glioblastoma. The American 
Journal of Patbiology. 2007; 170 (5):1445-51. 

10. Kleihues P, Burger PC, Scheithauer BW. The 
new who classification of brain tumors. Brain Pathol. 
1993; 3(3):255-68. 

11. Ohgaki H, Dessen P, Jourde B, Horstmann 
S, Nishikawa T, Di Patre PL, Burkhard C, Schuler 

D, Probst-Hensch NM, MaiorkaPC,Baeza N, Pisani 
P, Yonekawa Y, Yasargil MG, Lutolf UM, Kleihues P. 
Genetic pathways to glioblastoma: a population-based 
study. Cancer Res. 2004; 64(19):6892-9. 

12. Ohgaki H, Kleihues P. Population-based 
studies on incidence, survival rates, and genetic 
alterations in astrocytic and oligodendroglial gliomas. J 
NeuropatholExp Neurol. 2005; 64(6):479-89. 

13. deGroot J, Reardon DA, Batchelor TT. 
Antiangiogenic therapy for glioblastoma. Am 
SocClinOncolEduc Book 2013;71-8. 

14. Patel VN, Gokulrangan G, Chowdhury 
SA, Chen Y, Sloan AE, Koyutiirk M, Barnholtz- Sloan 
J, Chance MR. Network signatures of survival in 
glioblastomamultiforme. PLoSComput Biol. 2013; 
9(9):el003237. 



Vol 7, No 2, Spring 2014 



93 



Pooladi et al. 



15. DeSouza LV, Matta A, Karim Z, Mukherjee J, 
Wang XS, Krakovska O, Zadeh G, Guha A, Siu KM. 
Role of moesin in hyaluronan induced cell migration in 
glioblastomamultiforme.Mol Cancer. 2013; 12:74. 

16. Elstner A, Stockhammer F, Nguyen-Dobinsky 
TN, Nguyen QL, Pilgermann I, Gill A, Guhr A, Zhang 
T, von Eckardstein K, Picht TVeelken J, Martuza 
RL, von Deimling A, Kurtz A. Identification of 
diagnostic serum protein profiles of glioblastoma 
patients. J Neurooncol. 2011; 102(l):71-80. 

17. Sallinen SL, Sallinen PK, Haapasalo HK, Helin 
HJ, Helen PT, Schraml P, Kallioniemi OP, Kononen J. 
Identification of differentially expressed genes in 
human gliomas by DNA microarray and tissue chip 
techniques. Cancer Res. 2000; 60(23): 6617-22. 

18. Furuta M, Weil RJ, Vortmeyer AO, Huang S, 
Lei J, Huang TN, Lee YS, Bhowmick DA, Lubensky 
IA, Oldfield EH, Zhuang Z. Protein patterns and 
proteins that identify subtypes of 
glioblastomamultiforme. Oncogene. 2004; 23(40):6806- 
14. 

19. Kim S, Dougherty ER, Shmulevich I, Hess KR, 
Hamilton SR, Trent JM, Fuller GN, Zhang W. 
Identification of combination gene sets for glioma 
classification. Mol Cancer Ther. 2002; l(13):1229-36. 

20. Park C K, Hye June D, Park S-H, Jung H-W, 
Choo B-K. Moultifarious proteomic signatures and 
regional heterogenetic in Glioblastomas . Journal 
Neurooncol. 2009; 98:31-39. 

21. Diehn M, Nardini C, Wang DS, McGovern 
S, Jayaraman M, Liang Y, Aldape K, Cha S, Kuo MD. 
Identification of noninvasive imaging surrogates for 
brain tumor gene-expression modules. ProcNatlAcadSci 
USA. 2008; 105(13):5213-8. 

22. Earnest F 4th, Kelly PJ, Scheithauer BW, Kali 
BA, Cascino TL, Ehman RL, Forbes GS, Axley PL. 
Cerebral astrocytomas: histopathologic correlation of 
MR and CT contrast enhancement with stereotactic 
biopsy. Radiology. 1988; 166(3):823-7. 

23. Hobbs SK, Shi G, Homer R, Harsh G, Atlas 
SW, Bednarski MD. Magnetic resonance image-guided 
proteomics of human glioblastomamultiforme. J 
MagnReson Imaging. 2003; 18(5):530-6. 

24. Jansen M, Yip S, Louis DN. 
Molecular pathology in adult gliomas: diagnostic, 
prognostic, and predictive markers. Lancet Neurol. 
2010; 9(7):717-26. 

25. Riemenschneider MJ, Jeuken JW, Wesseling 
P, Reifenberger G. Molecular diagnostics of Glioma: 
stste of the art. ActaNeuropathol. 2010; 120(5):567-84. 

26. Iwadate Y, Sakaida T, Hiwasa T, Nagai 
Y, Ishikura H, Takiguchi M, Yamaura A. Molecular 
classification and survival prediction in human 
gliomas based on proteome analysis. Cancer Res. 2004; 
64(7): 2496-501. 

27. Boja ES, Rodriguez H. The path to clinical 
proteomics research: integration of proteomics, 



genomics, clinical laboratory and regulatory science. 
Korean J Lab Med. 2011; 31(2):61-71. 

28. Xiong G, Xiao H, Lu J, Zhang D, Bi C, Peng 
L, Xiong G, Xiong L, Chen P, Liang S. Differential 
protein expression in low-grade Astrocytomas and 
peritumoral human brain tissues. Neural Regeneration 
Research. 2010; 5 (24):1915-20. 

29. Vogel TW, Zhuang Z, Li J, Okamoto H, Furuta 
M, Lee YS, Zeng W, Oldfield EH, Vortmeyer AO, Weil 
RJ. Proteins and protein pattern differences 
between glioma cell lines and glioblastomamultiforme. 
Clin Cancer Res. 2005; ll(10):3624-32. 

30. Petras M, Hutoczki G, Varga I, Vereb G, 
Szollosi J, Bognar L, Ruszthi P, Kenyeres A, Toth J, 
Hanzely Z, Scholtz B, Klekner A. Expression pattern of 
invasion-related molecules in brain tumors of different 
origin. MagyOnkol. 2009; 53(3):253-8. 

31. Deighton RF, McGregor R, Kemp 
J, McCulloch J, Whittle IR. Glioma pathophysiology: 
insights emerging from proteomics. Brain Pathol. 2010; 
20(4):691-703. 

32. deFaria GP, de Oliveira JA, de Oliveira JG, 
Romano Sde O, Neto VM, Maia RC. Differences in 
the expression pattern of P-glycoprotein and MRP1 in 
low-grade and high-grade gliomas. Cancer Invest. 2008 ; 
26(9):883-9. 

33. Georgiou HM, Rice GE, Baker MS. Proteomic 
analysis of human plasma: failure of centrifugal 
ultrafiltration to remove albumin and other high 
molecular weight proteins. Proteomics. 2001; 
l(12):1503-6. 

34. Manabe T, Mizuma H, Watanabe K. 
A nondenaturing protein map of human plasma 
proteins correlated with a denaturing polypeptide map 
combining techniques of micro two-dimensional gel 
electrophoresis. Electrophoresis. 1999; 20(4-5):830-5. 

35. Shimazaki Y, Muro M, Manabe T. Selection of 
an effective enzyme for digestion of non-denaturing 
proteins using microscale two-dimensional 
electrophoresis. ClinChimActa. 2000; 302(l-2):221-4. 

36. Molloy MP, Herbert BR, Slade MB, Rabilloud 
T, Nouwens AS, Williams KL, Gooley AA. Proteomic 
analysis of the Escherichia coli outer membrane. Eur J 
Biochem. 2000; 267(10):2871-81. 

37. Whittle IR, Short DM, Deighton RF, Kerr LE, 
Smith C, McCulloch J. proteomics analysis of gliomas. 
Br J Neurosurg. 2007 Dec;21(6):576-82. 

38. Stummer W, Pichlmeier U, Meinel T, Wiestler 
OD, Zanella F, Reulen HJ; ALA-Glioma Study Group. 
Fluorescence-guided surgery with 5-aminolevulinic acid 
for resection of malignant glioma: a randomised 
controlled multicentre phase III trial. Lancet 
Oncol. 2006; 7(5):392-401. 

39. Levidou G, Korkolopoulou P, Agrogiannis 
G, Paidakakos N, Bouramas D, Patsouris E. Low- grade 
oligodendroglioma of the pineal gland: a case report and 
review of the literature. Diagn Pathol. 2010; 5:59. 

Iranian Journal of Cancer Prevention 



94 



Cluster and Principal Component Analysis of . 



40. Schwartz SA, Weil RJ, Johnson MD, Toms 
SA, Caprioli RM. Protein profiling in brain tumors 
using mass spectrometry: feasibility of a new technique 
for the analysis of protein expression. Clin Cancer 
Res. 2004; 10(3):981-7. 

41. Zhou H, Ning Z, Wang F, Seebun D, Figeys D. 
Proteomic reactors and their applications in biology. 
FEBS J. 2011; 278(20):3796-806. 

42. Weiss W, Gorg A. High-resolution two- 
dimensional electrophoresis. Methods Mol Biol. 2009; 
564:13-32. 

43. Banerjee HN, Mahaffey K, Riddick 
E, Banerjee A, Bhowmik N, Patra M. Search for a 
diagnostic/prognostic biomarker for the brain cancer 
glioblastomamultiforme by 2D-DIGE-MS technique. 
Mol Cell Biochem. 2012; 367(l-2):59-63. 

44. Zanini C, Mandili G, Bertin D, Cerutti F, Baci 
D, Leone M, Morra I, di Montezemolo Cordero L, Forni 
M. Analysis of different medulloblastoma histotypes by 
two-dimensional gel and MALDI-TOF. Childs Nerv 
Syst. 2011;27(12):2077-85. 

45. Beckner ME, Chen X, An J, Day BW, Pollack 
IF. Proteomic characterization of harvested pseudopodia 
with differential gel electrophoresis and specific 
antibodies. Lab Invest. 2005; 85(3):316-27. 

46. Meunier B, Bouley J, Piec I, Bernard C, Picard 
B, Hocquette JF. Data analysis methods for detection of 
differential protein expression in two-dimensional gel 
electrophoresis. Anal Biochem. 2005; 340(2):226-30. 

47. Dowsey AW, Dunn MG, Yang GZ. The role of 
bioinformatics in two dimensional gel electrophoresis. 
Proteomics. 2003; 3(8):1567-96. 

48. Appel R, Hochstrasser D, Roch C, Funk 
M, Muller AF, Pellegrini C. Automatic classification of 
two-dimensional gel electrophoresis pictures by 
heuristic clustering analysis: a step toward machine 
learning. Electrophoresis. 1988; 9(3):136-42. 

49. Ardekani AM, Akhondi MM, Sadeghi MR. 
Application of genomic and 
proteomic technologies to early detection of cancer. 
Arch Iran Med. 2008; ll(4):427-34. 

50. Fang X, Wang C, Balgley BM, Zhao K, Wang 
W, He F, Weil RJ, Lee CS. Targeted tissue proteomic 
analysis of human astrocytomas. J Proteome Res. 2012; 
ll(8):3937-46. 

51. Rosenkranz K, May C, Meier C, Marcus K. 
Proteomic analysis of alterations induced by perinatal 
hypoxic-ischemic brain injury. J Proteome Res. 2012; 
ll(12):5794-803. 

52. Shoemaker LD, Achrol AS, Sethu P, Steinberg 
GK, Chang SD. Clinical neuroproteomics and 



biomarkers: from basic research to clinical decision 
making. Neurosurgery. 2012; 70(3):5 18-25. 

53. Phan JH, Quo CF, Wang MD. Functional 
genomics and proteomics in the clinical neurosciences: 
data mining and bioinformatics. Prog Brain Res. 2006; 
158:83-108. 

54. Gibbons FD, Roth FP. Judging the quality of 
gene expression-based clustering methods using gene 
annotation. Genome Res. 2002; 12(10):1574-81. 

55. D'haeseleer P. how does gene expression 
clustering work? Nat Biotechnol. 2005 ;23( 12): 1499- 
501. 

56. Lilley KS, Friedman DB. All about DIGE: 
quantification technology for differential-display 2D- 
gel proteomics. Expert Rev Proteomics. 2004; 1(4):401- 
9. 

57. Harris RA, Yang A, Stein RC, Lucy K, Brusten 
L, Herath A, Parekh R, Waterfield MD, O'Hare MJ, 
Neville MA, Page MJ, Zvelebil MJ. Cluster analysis of 
an extensive human breast cancer cell line protein 
expression map database. Proteomics. 2002; 2(2):212- 
23. 

58. Jimenez CR, Stam FJ, Li KW, Gouwenberg 
Y, Hornshaw MP, De Winter F, Verhaagen J, Smit AB. 
Proteomics of the injured rat sciatic nerve reveals 
protein expression dynamics during regeneration. Mol 
Cell Proteomics. 2005; 4(2): 120-32. 

59. Pooladi M , Sobhi S, KhaghaniRazi Abad S , 
Hashemi M, Moradi A, Zali AR, Mousavi M, Zali H, 
Rakhan A, Razaei-Tavirani M.. The investigation of 
Heat Shock Protein HSP70 expression change in human 
brain asterocytoma tumor. Iranian Journal of Cancer 
Prevention. 2013; 6:6-11. 

60. Eisen MB, Spellman PT, Brown PO, Botstein 
D. Cluster analysis and display of genome-wide 
expression patterns. ProcNatlAcadSci USA. 1998; 
95(25):14863-8. 

61. Jiang Y, Qi X, Chrenek MA, Gardner 

C, Boatright JH, Grossniklaus HE, Nickerson JM. 
Functional principal component analysis reveals 
discriminating categories of retinal pigment epithelial 
morphology in mice. Invest Ophthalmol Vis Sci. 2013; 
54(12):7274-83. 

62. Meunier B, Dumas E, Piec I, Bechet 

D, Hebraud M, Hocquette JF. Assessment of 
hierarchical clustering methodologies for proteomic 
data mining. J Proteome Res. 2007; 6(l):358-66. 

63. Deighton RF, Short DM, McGregor RJ, Gow 
AJ, Whittle IR, McCulloch J. The utility of functional 
interaction and cluster analysis in CNS Proteomics. J 
Neurosci Methods. 2009; 180(2):321-9. 



Vol 7, No 2, Spring 2014 



95 



